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Abstract
Demographic data are important to wildlife managers to gauge population health, to allow
populations to be utilised sustainably, and to inform conservation efforts. We analysed pub-
lished demographic data on the world’s wildfowl to examine taxonomic and geographic
biases in study, and to identify gaps in knowledge. Wildfowl (order: Anseriformes) are a
comparatively well studied bird group which includes 169 species of duck, goose and swan.
In all, 1,586 wildfowl research papers published between 1911 and 2010 were found using
Web of Knowledge (WoK) and Google Scholar. Over half of the research output involved
just 15 species from seven genera. Research output was strongly biased towards ‘high
income’ countries, common wildfowl species, and measures of productivity, rather than sur-
vival and movement patterns. There were significantly fewer demographic data for the
world’s 31 threatened wildfowl species than for non-threatened species. Since 1994, the
volume of demographic work on threatened species has increased more than for non-
threatened species, but still makes up only 2.7% of total research output. As an aid to
research prioritisation, a metric was created to reflect demographic knowledge gaps for
each species related to research output for the species, its threat status, and availability of
potentially useful surrogate data from congeneric species. According to the metric, the 25
highest priority species include thirteen threatened taxa and nine species each from Asia
and South America, and six from Africa.
Introduction
Biodiversity loss is an international concern [1]. Conservation resources and efforts have
helped to prevent some extinctions [2], and yet the rate of biodiversity loss remains at an
unparalleled level [3]. The financial resources for conservation are limited, and managers are
often required to prioritise which species are targeted for intervention [4]. The IUCN Red List
uses information on population size, fragmentation and trend to systematically assign taxa to
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extinction threat categories [5]. Governments and non-governmental organisations often use
the Red List to inform legislation, direct financial investment and prioritise conservation
actions [6]. However, using threat status alone for species-based conservation priority
approaches may misallocate limited funds [7].
Within conservation science, it is acknowledged that there are biases in our understanding
of species’ ecology [8], and that knowledge gaps can fundamentally impede our ability to con-
serve biodiversity [9]. Both threat status and knowledge gaps are important factors in conserva-
tion research priority setting. Although, there are examples of papers that have examined
conservation research outputs for biases and knowledge gaps [10], there are no studies that
offer a research prioritisation system based on threat and demographic gaps. The current
extinction crisis necessitates that the best information be effectively used in population recov-
ery programmes of threatened species [11]. Increasingly, demographic models, such as popula-
tion viability analysis (PVA) models, which use vital rates to predict extinction risk and
population growth rate over time [12, 13], are used to inform management of many species.
Demographic information is vital for successful management of species [14]. Population viabil-
ity analysis models can be used to estimate the probability that a population will decline to a
given abundance over a time period, identify the life stage that has the greatest influence on
population growth rate, and support assessments of management options to assist in popula-
tion recovery [15]. Government agencies and conservation bodies are increasingly using PVA
models [16]. Thus, there is a need for basic demographic research in species of high conserva-
tion priority.
Wildfowl have an almost global distribution [17] and are amongst the most well-studied
group of birds due to their importance for hunting, domestication, and aviculture [18]. Nearly
one-fifth of wildfowl species are threatened with extinction [19]. Many declining populations
are found in Asia and Africa [20], where limited research capacity may result in limited
detailed research on species’ demographics. There is a general concern that countries with high
levels of biodiversity but low income do not have sufficient resources to study and monitor
their important wildlife [21, 22]. Such shortfalls may be the result of a lack of trained biologists
[23], of research infrastructure [24], or simply of dedicated finances [25]. Identifying patterns
of demographic research volume in relation to taxonomic group, threat status and geographic
region is necessary to underpin our goal of increasing the value of future demographic research
on the group. This systematic review addresses the following questions: 1. What is the magni-
tude of geographic and taxonomic bias in demographic research output? 2. How well are we
focusing research attention on the world’s threatened wildfowl taxa? 3. Are there disparities in
the availability of data on different demographic measures (e.g., productivity, survival, and
movement)? 4. How can we devise a single metric which reflects the level of research need for
individual species based on its IUCN threat status, the volume of previous work on the species,
and availability of data on related species?
Methods
Data Sources
Birdlife International has identified 169 extant wildfowl species worldwide, from 55 genera
[19]. We conducted a systematic review of the published wildfowl demographic papers using
Web of Knowledge (WoK) and Google Scholar between 1 February and 31 August 2012.
Reporting followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. These guidelines include a flow diagram (Fig 1) and a 27-item check-
list to ensure good quality systematic reviews [26]. WoK is a worldwide database that con-
tains approximately 23,000 academic and scientific journals [27]. Google Scholar was used
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particulary to access specialist and regional journals [28], reducing bias in publication selec-
tion. Literature within WoK and Google Scholar was searched for by entering, in quotation
marks, full scientific and vernacular names and obsolete historic names in the title (S1 Table)
from 1911 to 2010. The resulting 8,595 records were screened; the titles and abstracts of all
the records were reviewed and all papers that did not include demographic information were
Fig 1. Study selection flow diagram.
doi:10.1371/journal.pone.0153908.g001
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excluded. The full text of each paper was scrutinised to determine which demographic vari-
ables were reported. Studies of captive birds and those based on secondary data sources were
excluded from the analysis. Based upon all the variants of the search terms we identified
1,586 unique papers (Fig 1). For each qualifying paper, we recorded: (1) common and scien-
tific name for each wildfowl species; (2) country; (3) study location; (4) year of publication;
and (5) demographic variables presented in the paper. For example, the following were
coded fromWhitehead et al. (2008) [29]: (1) Blue Duck (Hymenolaimus malacorhynchos);
(2) New Zealand; (3) Fiord-land National Park; (4) 2008; and (5) sex ratio, clutch size, nest
success, duckling survival, fledging success, juvenile survival, adult survival, adult female
mortality.
Data analysis
Taxonomic and geographic biases in research output. To aid interpretation of the
results, we used World Bank definitions of countries according to their income levels based on
2010 Gross National Income (GNI) per capita (Atlas methodology). These are: ‘high income’
(GNI ˃US$12,476); ‘upper middle income’ (GNI $4,036–12,475); ‘lower middle income’ (GNI
$1,026–4,035); ‘low income’ (GNI ˂$1,025) [30]. The distribution of research was mapped
using open source mapping software in R [31]. In order to assess the specific effect on research
output of GNI and the number of wildfowl, we built a generalised linear model (GLM). We
analysed research output as a function of GNI and the number of wildfowl occurring, using a
GLM with a negative binomial error structure, following the methods of Zuur et al. 2009 [32].
Biases in demographic research. Parameters recorded in the published papers were
grouped into three demographic measures: (1) productivity; (2) survival; and (3) movement.
The productivity category included age ratio, sex ratio, clutch size, breeding propensity, nest
success (the probability of one or more eggs hatching), hatching success (the proportion of
eggs in a successful clutch that hatch), fledging success (the probability of one or more off-
spring fledging), chick survival (the proportion of chicks that survive in a successful brood),
and productivity. The survival category included post-fledging survival, sub-adult survival, and
adult survival. The movement category comprised immigration and emigration rates. A demo-
graphic gap was defined as the lack of research output for one of the demographic measures for
a particular species.
Threat status and research output. Vulnerable (VU: 14 species), Endangered (EN: 11 spe-
cies), and Critically Endangered (CR: six species) were categorised as ‘threatened’; and Least
Concern (LC: 128 species) and Near Threatened (NT: ten species) as ‘non-threatened’ (S2
Table). A research output was defined as the number of species, countries and demographic
measures studied in each paper. For example, Krapu (2000) [33] studied five species in one
country and measured nesting success (productivity demographic measure) for each of the five
species. This paper produced five research outputs. If the study had taken place in two coun-
tries, then the research output would be ten. A chi-square analysis was used to determine if vol-
ume of research output differed between threatened and non-threatened species. Research
output for threatened and non-threatened species was calculated for two time periods: 1977–
1993; and 1994–2010. In 1994, the IUCN adopted the current threat categorisation procedure
[19]. A Mann-Whitney U-test was used to determine whether there was a significantly greater
increase (percentage difference between pre- and post-1994 publication rates) in research on
threatened wildfowl species than on non-threatened species. The significance level (alpha) was
set at P = 0.05 for all statistical tests.
Ametric for directing future wildfowl demographic research. A research priority metric
(RPM) was devised to reflect the importance of obtaining additional demographic information
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for each wildfowl species. The RPM was defined as
RPM ¼ ð1Þ RO index 010 þ ð2Þ ER index 210 þ ð3Þ CS index 05 þ ð4Þ ROCS index 05
and accounts for: (1) the total research output (RO) for each wildfowl species, converted to a
ranked index of 0–10. The 169 wildfowl species were divided into six groups based on amount
of research output. A RO score of 10 was given to species with a research output of 0–1; 8 to
species with a research output of 2–3; 6 to species with output of 4–6; 4 to species with output
of 7–17; 2 to species with output of 18–31; and a score of 0 to species with output greater than
32. (2) The extinction risk (ER), based on the species’ Red List categories and deﬁned as inter-
vals of extinction risk (Least Concern = 1; Near Threatened = 2; Vulnerable = 3; Endangered = 4;
and Critically Endangered = 5). ER weightings were based on a method similar to that used by
Butchart et al. 2004 [34]. The index had equal increments across extinction risk categories, as it
may be important to understand demographic rates of lesser-threatened species before they
become seriously endangered. (3) The number of congeneric species (CS), converted to a
ranked index of 0 to 5. A CS score of 5 was given to species with 0–5 congeneric species; 4 to
species with 6–10 congenerics; 3 to species with 11–15; 2 to species with 16–20; 1 to species
with 21–25; and a score of 0 was given to species with more than 26 congeneric species. (4) The
research output of congeneric species (ROCS), was expressed as a ranked index 0–5, where 5
was given to species with 0–10 research outputs from congeneric species; 4 to species with 11–
20; 3 to species with 21–30; 2 to species with 31–40; 1 to species with 41–50; and a score of 0
was given to species with more than 51 research outputs from congeneric species. Both CS and
ROCS were used in the metric as it was deemed more valuable to have some data from many
congeneric species compared with a lot of research output from just one congeneric species.
Wildfowl species with a high RPM would exhibit a low research output, high threat status, and
a small number of congeneric species with a low research output. Values of the metric will, of
course alter over time, following changes in threat status and taxonomic revisions, but will be
driven mainly by new research on the species itself and to a lesser extent, its congeners. We
devised the metric as an additive algorithm to make it simple and repeatable, and to account
for variation in the relative importance of each component. Metric and component values were
calculated for all wildfowl species and are given in Supporting Information (S2 Table).
Results
The screened literature search resulted in 1,586 papers, yielding a total of 4,021 research out-
puts. Three journals contributed over a third of the publication total: Journal of Wildlife Man-
agement (19.3%); Wildfowl (10.6%); and The Auk (6.6%). Nearly 90% of wildfowl species had
at least one demographic research output (Fig 2). Species found in North America and Europe
were the subject of over 90% of the research outputs. Over half (55%) of the research output
concerned just 15 species from seven genera. The most-studied species were Mallard (Anas pla-
tyrhynchos; 8.1% of output) and Northern Pintail (Anas acuta; 5.1%), and seven of the 15 most
frequently studied species were from just three genera (Anas, Aythya, and Anser). There were
21 species with no demographic research output, and seven of these are globally threatened:
the Critically Endangered Pink-headed Duck (Rhodonessa caryophyllacea) and Baer’s Pochard
(Aythya baeri); the Endangered Campbell Teal (Anas nesiotis); and the Vulnerable White-
headed Steamerduck (Tachyeres leucocephalus), Southern Pintail (Anas eatoni), Philippine
Duck (Anas luzonica), and Swan Goose (Anser cygnoides).
All 75 wildfowl species occurring in North America and Europe had research output. Of the
21 species with no research output, 19 were from Asia or South America and two were from
Australasia (Green Pygmy-goose Nettapus pulchellus and Campbell Teal; S2 Table). The
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United States, Canada, and the United Kingdom together produced >60% of the total research
output (Fig 3). Of the ten highest ranked countries for number of research outputs, nine are
classified by the World Bank as ‘high income’ countries (the tenth was ‘middle income’ South
Africa). ‘High income’ countries contributed 90% of the research output while ‘lower income’
countries contributed only 0.1%. There was a significant, small positive effect of GNI on
research output (β = +0.0010, P<0.001) and a non-significant, small positive trend for the
number of wildfowl on research output (β = +0.035, P = 0.075).
Least Concern species were the subject of significantly more research outputs than other
threat categories (χ2 = 152, df = 4, P<0.001; Fig 4). Research output after the IUCN adopted
the current threat categories in 1994 was significantly greater for threatened species (362%)
than it was for non-threatened species (162%; Mann-Whitney U = 3090, P<0.001).
Fig 2. The number of demographic research outputs from 1911–2010 for wildfowl species, ranked by number of
outputs.
doi:10.1371/journal.pone.0153908.g002
Fig 3. The number of demographic research outputs per wildfowl species for each country from 1911–2010.
doi:10.1371/journal.pone.0153908.g003
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In 2010, there were 164 demographic gaps in total. Measures of productivity were the most
common demographic parameters studied for wildfowl (Fig 5) and dominated the research
effort, with 52% of the total output. Survival estimates and movement data contributed 29%
and 19% respectively.
Of the 25 species with the highest priority metric (RPM), 23 species are found outside
Europe and North America and thirteen of the species are from monotypic genera (Table 1).
Fig 4. Boxplots showingmedian, upper and lower quartile, and 95% percentiles for number of demographic research outputs in species from
different IUCN threat categories (1994–2010). LC = Least Concern; NT = Near Threatened; VU = Vulnerable; EN = Endangered; CR = Critically
Endangered.
doi:10.1371/journal.pone.0153908.g004
Fig 5. Distribution of demographic research output across three grouped demographic measures from 1911–2010.
doi:10.1371/journal.pone.0153908.g005
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Table 1. Summary of the global research priority metric (PRM) for the top 25 wildfowl species, ordered by the highest priority wildfowl species for
future research.
Rank Vernacular
name
Scientiﬁc name Research
priority metric
(RPM)
Demographic
research output
score (RO)
Threat
score
(ER)
Congeneric
species score
(CS)
Demographic research
output of congeneric
species score (ROCS)
1 Pink-headed
Duck
Rhodonessa
caryophyllacea
30 10 (0)ª 10 (CR) 5 (0) 5 (0)
2 White-winged
Duck
Asarcornis
scutulata
26 8 (3) 8 (EN) 5 (0) 5 (0)
3 Blue-winged
Goose
Cyanochen
cyanoptera
26 10 (1) 6 (VU) 5 (0) 5 (0)
4 White-headed
Steamerduck
Tachyeres
leucocephalus
25 10 (0) 6 (VU) 5 (3) 4 (15)
5 Crested
Shelduck
Tadorna cristata 25 10 (1) 10 (CR) 5 (5) 0 (56)
6 Orinoco Goose Neochen jubata 24 10 (0) 4 (NT) 5 (0) 5 (0)
7 Salvadori's Teal Salvadorina
waigiuensis
24 8 (2) 6 (VU) 5 (0) 5 (0)
8 Baer's Pochard Aythya baeri 23 10 (0) 10 (CR) 3 (11) 0 (534)
9 Madagascar
Pochard
Aythya innotata 23 10 (1) 10 (CR) 3 (11) 0 (533)
10 Brazilian Teal Amazonetta
brasiliensis
22 10 (1) 2 (LC) 5 (0) 5 (0)
11 Ringed Teal Callonetta
leucophrys
22 10 (1) 2 (LC) 5 (0) 5 (0)
12 Northern
Screamer
Chauna chavaria 22 10 (0) 4 (NT) 5 (1) 5 (1)
13 Blue Duck Hymenolaimus
malacorhynchos
22 4 (7) 8 (EN) 5 (0) 5 (0)
14 Crested Duck Lophonetta
specularioides
22 10 (1) 2 (LC) 5 (1) 5 (0)
15 Marbled Teal Marmaronetta
angustirostris
22 6 (6) 6 (VU) 5 (0) 5 (0)
16 Brazilian
Merganser
Mergus
octosetaceus
22 6 (6) 10 (CR) 5 (3) 1 (48)
17 Scaly-sided
Merganser
Mergus squamatus 22 8 (3) 8 (EN) 5 (3) 1 (51)
18 African Pygmy-
goose
Nettapus auritus 22 10 (1) 2 (LC) 5 (2) 5 (7)
19 Green Pygmy-
goose
Nettapus pulchellus 22 10 (0) 2 (LC) 5 (2) 5 (3)
20 White-headed
Duck
Oxyura
leucocephala
22 8 (3) 8 (EN) 5 (5) 1 (46)
21 Hartlaub's Duck Pteronetta
hartlaubii
22 10 (1) 2 (LC) 5 (0) 5 (0)
22 Radjah
Shelduck
Radjah radjah 22 10 (0) 2 (LC) 5 (0) 5 (0)
23 American Comb
Duck
Sarkidiornis
sylvicola
22 10 (0) 2 (LC) 5 (1) 5 (4)
24 Baikal Teal Sibirionetta
formosa
22 10 (1) 2 (LC) 5 (0) 5 ()
25 Spectacled
Duck
Speculanas
specularis
22 4 (13) 4 (NT) 5 (0) 5 (0)
ªRaw data in parentheses.
doi:10.1371/journal.pone.0153908.t001
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Pink-headed Duck was the highest placed wildfowl species, and may actually be extinct in the
wild [35]. Most species with very high RPM are highly threatened birds from the tropics (e.g.,
White-winged Duck Cairina scutulata, Blue-winged Goose Cyanochen cyanopterus, Crested
Shelduck Tadorna cristata, White- headed Steamerduck). The exceptions are Marbled Teal
(Marmaronetta angustirostris) and White-headed Duck (Oxyura leucocephala), which were
included due to their threat status and low research output. The RPMmetric was significantly
positively correlated with all four component measures (rsmin = +0.32, Pmax<0.005). Correla-
tions between pairs of component measures were generally weaker, although RO was signifi-
cantly correlated with ER (rs = +0.34, P<0.005), CS (rs = +0.45, P<0.005), and ROCS (rs =
+0.22, P<0.005). There was no correlation between ER and either ROCS (rs = -0.02, P = 0.81),
or CS (rs = +0.06, P = 0.44). Notably, CS, the number of congeneric species, and ROCS, the
research output for those congenerics, were uncorrelated (rs = +0.03, P = 0.67).
Discussion
Although 1,586 wildfowl research papers were published between 1911 and 2010, there remain
significant gaps in knowledge of wildfowl demographics. Research has been intensely focused
on a few common species, usually in ‘high income’ countries, leaving some of the world’s most
threatened wildfowl species with little or no published demographic data to inform their con-
servation. Our research priority metric is intended to act as a tool to help redress this
imbalance.
For many wildfowl species, the quantity and quality of demographic information is too lim-
ited to underpin precise conservation management. A high proportion of wildfowl species have
very little information, with>60% of taxa having ten or fewer research outputs, and only 17%
of threatened species having one or more output from all of the three demographic categories.
Productivity measures are the most commonly captured, most likely due to the ease of collect-
ing them [36]. Whilst there has been an increase in research output since 1994 for threatened
species, demographic research output remains low (Fig 4). Whilst it is likely that some of the
research imbalance is related to the difficulty of studying small populations [37], filling these
research gaps in the world’s most seriously endangered wildfowl is a priority.
The IUCN Red List is an accepted tool for conservation priority setting [38], yet gaps in our
knowledge of the demographic biology for particular species are known to be important [39],
because this knowledge deficit reduces our capacity to develop an effective management strat-
egy for threatened species [9]. It has been recognised that systematic planning of species con-
servation should integrate assessment of demographic knowledge gaps with threat status [40].
However, there have been few attempts in the literature to quantify gaps in knowledge for con-
servation purposes. Consideration has been given to research output and the number of range-
restricted bird species for different areas [10], and, more generally, the EDGE prioritisation
metric is a function of phylogenetic distinctiveness and threat status [41]. Further, RPM takes
into consideration the value of information on related species [42]. This is valuable because the
life histories of closely related species are more similar than distantly related species, and in the
absence of demographic information, known rates for closely related species may provide sur-
rogate demographic rates [43]. Having a body of demographic data on a threatened species is
rarely going to be sufficient in itself, as specific data are required on that population at that
given time [15]. However, demographic information from other populations or conspecifics
can help to give context to the newly gathered data [13]. Evidence suggests that conservation
research is correcting some of the biases, but progress is slow [8].
While several other papers have looked at general bias in conservation research [44, 45, 46],
here, for the first time, we examine knowledge gaps in demographic research across a range of
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wildfowl species. The analyses demonstrate that research output is not randomly distributed
according to geography, taxonomy, extinction risk, or demographic category, and that some of
this bias is related to economic productivity in ‘low income’ countries. Some of the most
under-studied species are the ones most in need of future protection. These include Critically
Endangered species from low-income African and Asian countries/regions, which have
declined rapidly due to habitat loss and direct exploitation (e.g. Baer’s Pochard; Madagascar
Pochard Aythya innotata) [47]. Two Asian species, Crested Shelduck and Pink-headed Duck,
may already be extinct in the wild but are still being sought [35].
This paper exposes the need to examine extinction risk alongside knowledge gaps for spe-
cies-conservation setting approaches. The RPM developed in this paper could be applied across
many taxonomic groups. Simple metrics, like RPM, are needed to set legal and conservation
management targets, and could be a useful tool for organisations such as The Wildfowl &Wet-
lands Trust. Future conservation policy should routinely consider knowledge gaps by imple-
menting metrics like RPM.
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